A simple, reliable method for genomic DNA extraction from sediments with minimum contaminants was developed to address the risk of poor quality DNA in metagenomic studies. Nine DNA extraction methods using 20% cetyl-trimethyl-ammonium bromide (CTAB) were performed and compared to develop an extraction protocol that can offer humic acid-free metagenomic DNA from marine and saltpan sediments. Community DNA extraction was executed via., Zhou et al. modified protocol using 20% CTAB treatment at different steps to compare the efficacy of humic acid removal. Out of nine DNA extraction methods, method 6 significantly improved the quality of DNA with efficient removal of humic substances. 16S rRNA gene amplification and spectrophotometric analysis confirmed the efficiency of method 6 to remove DNA inhibitors from marine sediments as well as saltpan samples. Inhibitors extracted along with metagenomic DNA outcome increased DNA yield and PCR inhibition in method 1 and 3. However, repeated 20% CTAB wash in method 6 ensured 16S amplification and least yield and concentration. Current study explains a detailed protocol based on 20% CTAB wash for the extraction of humic acid-free DNA from diverse sediment samples.
Introduction
Community DNA extraction methods from soil and sediments have been characterized by inherent biases because of the co-precipitation of contaminants, especially humic acids and phenolic compounds along with nucleic acids, and their interference to other downstream processes. The quality and quantity of template DNA plays a crucial role in a PCRbased experiment since the presence of various inhibitors has adverse effects on accuracy and reproducibility of PCR amplification (Wilson 1997; Huggett et al. 2008) . As the physico-chemical properties of soil and sediment samples vary worldwide, it is difficult to develop a single, ideal total community DNA extraction protocol (Felczykowska et al. 2015) . A number of chemical, mechanical, and enzymatic methods and commercial kits have been developed to encounter this problem (Tsai and Olson 1991; Canto-Canche et al. 2013; Tian et al. 2013; Gutierrez-Lucas et al. 2014; Devi et al. 2015; Tanveer et al. 2016) . Moreover, several cell lysis methods and purification steps have been recommended for the efficient recovery of high quality metagenomic DNA. These methods aid the lysis of entire microbial community within a sample and successive revival and purification of nucleic acids from lysed cells. As commonly co-precipitated PCR inhibitors like humic acids have physical and chemical properties similar to that of nucleic acids, it is challenging to remove humic acids and phenolic compounds from DNA samples. Techniques established for the removal of inhibitory compounds comprise Cesium chloride density gradient centrifugation (Lee and Hallam 2009) , Sephadex G-200 column purification (Miller et al. 1999) , gel electrophoresis (Zhou et al. 1996) and methods using cetyl-trimethyl-ammonium bromide (CTAB) (Farkas et al. 2017 ) and polyvinylpolypyrrolidone (PVPP) (Lakay et al. 2007 ).
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Many DNA extraction protocols with CTAB facilitate cell breakage and effective deproteination (Zhou et al. 1996; Porteous et al. 1997; Sei et al. 2000; Minas et al. 2011) . Several studies do indicate that an increased CTAB concentration might enhance the formation and precipitation of insoluble complexes with proteins, polysaccharides and cell debris, resulting in a better quality DNA (Edgcomb et al. 1999; Schneegurt et al. 2003; Balestrazzi et al. 2009 ). Herein, we standardised and evaluated a CTAB-based DNA extraction protocol applicable to variety of sediment samples and recommended it for pure, intact and high-quality DNA with minimum shearing and better yield. 
Methods

Sample collection
DNA extraction
DNA extraction was accomplished by modifying Zhou et al.'s (1996) protocol. Sediment samples (200 mg) were suspended in 500 µl of TEN buffer [100 mM of Tris-HCl, 100 mM of EDTA, (pH 8.0), 100 mM of sodium phosphate (pH 8.0) and 1.5 M of NaCl] followed by centrifugation at 12,000 rpm for 15 min (Step 1). Residue was treated with 500 µl of TEN buffer, 50 µl of 10% cetyl-trimethyl-ammonium bromide (CTAB), 50 µl of 20% sodium dodecyl sulphate (SDS) and 10 µl of Proteinase K (20 mg/ml) ( Step 2) and the suspension was incubated at 55 °C for 2 h. Genomic DNA in resulting lysate was centrifuged at 10,000 rpm for 10 min and supernatant was purified by extraction with equal volume of chloroform: iso-amyl alcohol (24:1, vol/vol). The aqueous phase was precipitated with 600 μl of iso-propanol and kept at 4 °C overnight. Crude nucleic acid from aqueous phase was pelletized by centrifugation at 12,000 rpm for 30 min. DNA pellet washed with 500 µl of ice-cold 70% (vol/vol) ethanol followed by absolute ethanol was air-dried and re-suspended in TE buffer. We modified the above-mentioned extraction protocol by incorporating 20% CTAB instead of usual 10% in step 2. Besides, an additional 20% CTAB wash was included in step 1 as well as prior to ethanol wash to check its efficiency in removing inhibitory compounds. Genomic DNA extraction from all three stations was performed using nine different methods (Table 1) . Experiments were repeated to get triplicate values.
Quantitative and qualitative assessment of DNA
Yield and purity of DNA was estimated using a Varioskan™ LUX µDrop Plate (Thermo Fisher Scientific, Finland). Protein and humic acid contaminants were assessed by calculating the absorbance ratio 260/280 (DNA/protein) and 260/230 (DNA/humic acid), respectively. Usually, 260/280 ratio smaller than 1.8 indicates the occurrence of proteins, whereas a value higher than 2.0 specifies probable contamination such as phenols. On the other hand, ideal 260/230 ratio is 2 and a value less than 2 denotes humic acid contamination. DNA integrity was evaluated by ethidium bromidestained agarose gel electrophoresis.
PCR amplification of 16S rRNA gene
16S rRNA regions were amplified employing universal primers (27F: 5′-AGA GTT TGA TCT GGC TCA G-3′; 1492R: 5′-TAC GGY TAC CTT GTT ACG ACTT-3′; Lane 1991). Thermal cycling program was as follows: 5 min at 95 °C; 35 cycles of 45 s at 94 °C, 45 s at 58 °C and 1 min at 72 °C; and 10 min at 72 °C. All PCR reactions were performed in 25 μl volume containing 1× standard Taq buffer (10 mM of Tris-HCl, 50 mM of KCl, pH 8.3), 2.5 mM of MgCl 2 , 20% CTAB wash in step 1 and step 2 4 20% CTAB wash in first 2 steps + single 20% CTAB wash just before 70% ethanol wash 5 20% CTAB wash in first 2 steps + 2 times 20% CTAB wash just before 70% ethanol wash 6 20% CTAB wash in first 2 steps + 3 times 20% CTAB wash just before 70% ethanol wash 7 20% CTAB wash in step 2 + single 20% CTAB wash just before 70% ethanol wash 8 20% CTAB wash in step 2 + 2 times 20% CTAB wash just before 70% ethanol wash 9 20% CTAB wash in step 2 + 3 times 20% CTAB wash just before 70% ethanol wash 200 μM of dNTPs, 0.4 μM of each primer and 1U Taq DNA polymerase (New England Biolabs, USA) and 1 μl of genomic DNA using Veriti™ 96-well thermal cycler (Applied Biosystems, USA). After PCR, the amplicons were separated in 1% agarose-TBE gel (40 mM of Tris-HCl, 20 mM of Boric acid, 1 mM of EDTA, pH 8.0), comprising ethidium bromide for nucleic acid staining and visualization. DNA fragment size was calculated using a 100 bp ladder (New England Biolabs/NEB) as DNA marker. Electrophoresis was carried out in 1× TBE (Tris/Borate/EDTA) buffer for 60 min at 70 V and photographed using a gel documentation system (BioRad, USA).
Results and discussion
We followed conventional DNA extraction protocol developed by Zhou et al. in 1996 as the basic method for total community DNA isolation. Several studies had optimised Zhou et al. protocol (1996) by adapting a number of modifications in different reagents, their concentration, incubation time, etc. enabling the efficient removal of inhibitory compounds from different environment samples (Kauffmann et al. 2004; Sharma et al. 2007; Singh et al. 2014; Natarajan et al. 2016 ). Generally, 2% CTAB is used for the removal of inhibitory compounds like humic acids. Studies comparing various procedures revealed that increasing CTAB concentration results in better quality DNA and efficient humic acid removal. This is consistent with those testified by several authors viz., DNA isolation from arctic sediments (10% CTAB; Solomon et al. 2016 ), filamentous fungi (3.5% CTAB; Gontia-Mishra et al. 2014), rhizospheric soil (10% CTAB; Fatima et al. 2014) , coastal sediments (5% CTAB; Tatti et al. 2016) , food borne fungal pathogens (10% CTAB; Umesha et al. 2016) , tissues like leaves, seeds, etc. (8% CTAB; Rani and Sharma 2016) and diversity study of human respiratory microbiome (10% CTAB; Willner et al. 2012) . Herein, we included 20% CTAB wash in different steps in Zhou et al. protocol and compared each method for the effective removal of inhibitory compounds. Metagenomic DNA was hence mined from marine and saltpan sediment samples by different isolation methods and DNA bands were appeared in electrophoretogram for Saltpan, Bay of Bengal and Arabian Sea samples (Fig. 1) . Presence of PCR inhibitors were assessed by comparing DNA samples based on their absorbance ratio. While comparing the quality of nucleic acid from all three stations, highest A 260/280 ratio (least protein contamination among nine methods) was reported from method 7 (1.38) for saltpan and from method 3 (1.16 and 1.26) for Bay of Bengal as well as Arabian Sea (Table 2) . Out of nine extraction protocols, DNA obtained by method 6 expressed values 1.18, 0.96 and 1.15 as highest A 260/230 ratio (least humic acid contamination among nine methods) for sediments from saltpan, Bay of Bengal and Arabian Sea, respectively (Table 3) .
16S rRNA gene amplification was carried out as quality control for DNA extracts from saltpan and marine sediments using universal primers (Fig. 2) . DNA obtained from method 6 exhibited amplicon with a product size of 1500 bp for all three stations. Method 7 and 8 also demonstrated positive results in the case of saltpan sediments.
Comparative analysis of DNA quantification from all extraction procedures showed highest yield and concentration from both method 3 for saltpan samples and method 1 for Bay of Bengal and Arabian Sea samples (Figs. 3,  4) , whereas method 6 provided lowest DNA concentration and yield. Figures 3 and 4 indicated successive decrease in both concentration and yield according to increase in number of CTAB wash along with TEN buffer and 70% ethanol. Although, repeated washing resulted a decrease in concentration and yield, an increase in quality of DNA was observed as 16S rRNA amplification could be obtained by method 6 even in those samples which previously showed no amplification. The discrepancy in the yield of DNA and 16S rRNA gene amplification clearly shows the influence of co-eluted PCR inhibitors that can lead to a negative result by its interference in the normal quantification procedure.
Conclusion
Among the main factors responsible for the success of metagenomic studies, DNA extraction is the most challenging and vital step since humic acids are extremely inhibitory for PCR amplifications. It is worth considering that no single method of cell lysis or purification will be applicable for all samples. Since purity is of the greatest concern, several modifications have been made by researchers to allow the extraction of better quality DNA from complex environmental settings such as marine sediments and saltpan. In the present study, repeated washing with higher concentration of CTAB at the second step and before 70% ethanol wash in the DNA-extraction protocol (method 6) performed better for the effective removal of humic acids and extraction of good quality DNA. The protocol presented here is ideal for most sediments and it also offers valuable guidelines that can be applied to developing extraction methods for other kind of samples. 
